inserted by LR clonase reaction (Gateway® LR ClonaseTM, Thermo Fisher Scientific) Figure 1) and the helper plasmid pSoup were transformed into the 96 Agrobacterium tumefaciens strain AGL1 by electroporation. The Agrobacterium-mediated 97 transformation of the immature zygotic barley embryo genotype 'Golden Promise' was performed 98 according to the transformation protocol by Harwood et al [20] . Explants were cultivated in vitro on 99 selection -callus induction, and regeneration medium and transferred into soil. Putative transgenic T0 100 plants were screened by PCR analysis. The analysis was performed with genomic DNA that was isolated 101 from leaf tissue of the regenerated plants. For PCR reaction, premix REDTaq® ReadyMixTM PCR 102 Reaction Mix (Sigma-Aldrich, USA,) was used. The presence of the osmotin gene was determined by 103 amplifying a 222-bp fragment using the primers F: 5´-GCCCTGCCTTCATACGCTAT-3´ and R: 5´-104 TACGGGCAGTTGTTCCTCAC-3´. The presence of the hpt selection gene by amplifying a 275-bp amplicon 105 using the primers F: 5´-GATTGCTGATCCCCATGTGT-3´and R: 5´-GCTGCTCCATACAAGCCAAC-3´. 106
Transgene expression was verified at the mRNA level. Where not stated otherwise, all procedures were 107 done according to the manufacturer's instructions. RNA was extracted from young leaf tissue of the 108 transgenic plant with an RNAqueous Total RNA Isolation Kit (Thermo Fisher Scientific). The sample was 109 treated with a Turbo DNA-free TM Kit (Thermo Fisher Scientific) and RNA concentration was assessed 110 spectrophotometrically (DeNovix, . 1 ug of total RNA was reverse 111 transcribed using RevertAidTM H minus Reverse transcriptase (Thermo Fisher Scientific) . To analyze 112 the reaction efficiency, dilution series of the selected cDNA samples were prepared. The endogenous 113 gene for elongation factor [21] was selected as an internal control. For mRNA expression verification, 114 a SensiFAST TM SYBR® No-ROX Kit (Bioline) was used. Three-step PCR was conducted using a MyGo Mini 115 real-time cycler (IT-IS Life Science Ltd.). Primer sequences for osmotin transcript detection were F: 5´-116 TCAGGTCCAGCTTCGTGTTC-3´and R: 5´-TACGGGCAGTTGTTCCTCAC-3´and produced an amplicon of 85 117 bp. Initial denaturation at 95 °C for 180 s was followed by forty cycles of denaturation at 95 °C, 118 annealing at 60 °C and elongation at 72 °C. Reaction was terminated by a final 5 min extension at 72 119°C. Melting analysis and electrophoretic separation of PCR products were done to verify primer 120 specificity. nitrogen and the addition of 2 ml of 80 % ethanol followed by centrifugation at 14,000 × g at 4 °C for 167 20 min. In contrast to the original paper, a 0.4 ml aliquot was used for the preparation of the reaction 168 mixture. After heating followed by cooling, the mixture was centrifuged at 1,000 g at 4°C for 20 min. 169 170 2.4 Hemolytic and cytotoxicity studies 171
Hemolytic activity was determined according to a previous paper [29] . 1 µl of plant methanol extract 172 (100 mg.ml -1 ) was used per spot. Triton X-100 (1 %, 1 µl per spot, Sigma Aldrich) was used as a known 173 hemolytic agent. The toxicity in mammalian tissue culture was studied on HDF -human dermal 174 fibroblasts, Sigma-Aldrich, 106-05N). 175 HDF cells were cultivated in DMEM (Sigma-Aldrich) enriched with 10 % fetal bovine serum (Sigma-176 Aldrich). The cells were maintained in media without antibiotics, however for experiments media 177 supplemented with Antibiotic Antimycotic Solution were used (commercial mixture of penicillin, 178 amphotericin and streptomycin, Sigma-Aldrich).
Cells were harvested from exponential-phase cultures by a standardized detachment procedure using 180 0.25% Trypsin-EDTA, and the cell number was counted automatically using a Roche's CASY Cell Counter 181 and Analyzer. 100 ml of 10 5 cells. Figure 2) of the T0 255 generation that were transferred into pots and grown to maturity in a greenhouse. The presence of 256 the osmotin transgene was confirmed by PCR in 25 regenerated plants (Supplementary Figure 3) . (Figure 1) . Similarly, a 296 higher protein level was detected in strawberries recombinantly expressing osmotin [45] in 297 comparison to non-transgenic plants during salt conditions. 298
As was mentioned above, photosynthesis is significantly affected during stress conditions; therefore, 299 chlorophyll content in barley was measured in the presence of both types of stressing factors. Ongoing 300 stress was detected in wild-type barley, where both Fusarium infection and salinity exhibited an 301 influence on chlorophyll content (Figure 2) . However, similarly to protein content, the transgenic 302 barley maintained the same chlorophyll level as the control non-stressed plants. In agreement with 303 our results, it has been [46] already reported that transgenic tomato plants expressing the osmotin 304 gene had higher chlorophyll content during the drought and salt stress than the non-transgenic plants. 305 Similarly, osmotin-expressing transgenic soybean, chilli pepper and strawberry exhibited higher 306 chlorophyll content than the non-transgenic variants during salinity [45, 47, 48] . The connection 307 between osmotin and photosynthesis has been already reported, demonstrating an osmotin affinity 308 to brassinosteroids, plant hormones affecting photosynthesis activity [49, 50] . 309
As a major part of their defense system, plants have evolved an antioxidant strategy for overcoming 310 stress conditions. Antioxidants (both enzymatic and non-enzymatic) prevent osmotic stress, oxidative 311 stress, molecular damage, and even cell death [51] . Salt stress induces the production of reactive 312 oxygen species (ROS), which causes oxidative stress. Therefore, the amount of antioxidant plays an 313 important role during stressful conditions. Here, attention was focused on APX (ascorbate peroxidase).
When influenced by stress, the transgenic barley plants exhibited a higher level of this antioxidant 315 (Figure 3) , indicating a lower susceptibility to salinity than the non-transgenic control plants. we also found a lower amount of MDA in transgenic plants during salinity (Figure 4) . Less MDA, 323 indicating the effect of osmotin on cell membrane protection from damage by lipid peroxidation, has 324 been already reported in transgenic olive plants exposed to drought [55] . 325
Both types of stress led to the induction of stress markers such as a decrease in chlorophyll and protein 326 content in wild-type barley plants, however, osmotin-expressing barley plants did not show evidence 327 of ongoing stress, indicating their better preparedness for coping with the stressful conditions. 328
Moreover, during conditions of salt stress, transgenic barley has a higher level of antioxidant and 329 corresponding lower amount of MDA. 330 331 3.3 Lower toxicity of stressed transgenic barley in comparison to WT 332
At the end of the exposure to stress, the aboveground biomass was extracted by methanol. The 333 extracts were then added to the growth medium of human fibroblasts in the concentration range from 334 0 to 1,000 µg.ml -1 . In both types of stress, there is evidence that transgenic plant extracts are less toxic 335 than those of the non-transgenic (wild-type) ones. The cytotoxicity experiment was done in four 336 technical repetitions for each plant sample, and the viability of fibroblasts ( Figure 5 ) was evaluated as 337 the average of four biological repetitions (meaning four independent plants, both transgenic and wild-338 type variant). The viability of cells decreased with a higher concentration of plant extracts. However, 339 the toxicity of wild-type barley extracts of plants exposed to both types of stress was detected at the 340 lowest tested concentration (62.5 µg.ml -1 ). On the other hand, a toxicity of osmotin-expressing barley 341 extracts was detected at a significantly higher concentration (500 µg.ml -1 ). This finding could confirm 342 our hypothesis that transgenic plants are better prepared for stressful conditions by osmotin 343 expression and therefore do not produce so many secondary metabolites, which are mostly 344 responsible for their toxicity. This finding was confirmed by genotoxicity comparison of transgenic and 345 non transgenic extracts as well where the plants expose to Fusarium 346 GM plants, which were modified to cope with environmental stress, have their internal metabolism 347 significantly changed, preventing plant defense system over-response and the accumulation of 348 toxicants, anti-nutrients and secondary metabolites during the ongoing stress [56] . The changes in 349 toxic secondary metabolite content have been already demonstrated by [57] in transgenic potatoes 350 exposed to a pathogen. The genetic manipulation of carbohydrate metabolism and pathogen 351 resistance in these potatoes led to changes in the profile of plant defense compounds, which were 352 mainly characterized by a reduction in the level of the main glycoalkaloids R-solanine and R-chaconine. 353
As well as the expression of plant secondary metabolites, the secondary metabolites formed by the 354 pathogen could have a significant effect on the acute toxicity of crop extracts. In particular, the toxicity 355 of mycotoxins has been reported many times [58] . A lower amount of mycotoxins as a secondary effect 356 of genetic manipulation was detected e.g. in a comprehensive study focused on transgenic maize [59] . 357
The mycotoxins, as a secondary metabolite of fungi, could be responsible for the genotoxicity, which 358
we detected in case of methanol extracts from the non transgenic barleys infected by Fusarium oxysporum. However, the extracts from transgenic barley expressing the antifungal protein osmotin 360 showed no toxicity in the same test as shown in Figure 5 . The genotoxicity was evaluated after co-361 cultivation of plant extracts with human embryonal kidney cells (Hek 293T) by standardized Comet 362 assay with appropriate controls. 363 364 3.4 Weak or no impact of transgenic barley on viral infection spread by aphids and leafhoppers 365
The influence of GM crops on biodiversity has been discussed and tested many times (reviewed e.g. 366 by [60] and [61] ), mostly demonstrating that GM crops have reduced the impacts of agriculture on 367 biodiversity. However, confirmation of this hypothesis is still needed. In this paper, we focused on the 368 effect of barley expressing a multi-functional osmotin protein on virus pathogen -host interactions. 369
For barley the effect of aphids spreading BYDV and the effect of leafhoppers spreading WDV was 370 studied. Both viruses cause worldwide diseases of the most important crops including barley, wheat, 371 rice and maize [62] . As is shown in Figure 6 , the genetic manipulation of barley by osmotin gene 372 insertion had no effect on obtained virus titres through the whole tested period of first 6 weeks after 373 inoculation. Both aphids and leafhoppers were able to attack GM barley and insert the virus into the 374 phloem and infect the tested plants. 
